Nymphaea has seven species already catalogued in the flood prone areas of the Brazilian Pantanal. However, some species remain difficult to identify and descriptions of the anatomy of vegetative organs are an important tool for infrageneric separation to aid in group taxonomy. The species collected in the Pantanal and prepared according to the usual techniques for anatomical studies showed similar structural characteristics, and data on the arrangement of vascular bundles in the midrib and petiole, as well as the form and distribution of sclereids, were consistent. Nymphaea oxypetala stands out from the other evaluated species for having a greater number of differential characters, including angular collenchyma and the absence of bicollateral bundles in the petiole. Nymphaea lingulata stands out as the only species to feature bicollateral bundles in the leaf blade. The results, summarised in the dichotomous key, facilitate the identification of species that use the flower as the main differentiation, but are in a vegetative stage.
Introduction
The Nymphaeaceae features cosmopolitan distribution, comprising five genera and about 70 species (Löhne, Wiersema and Borsh, 2009) , with the occurrence of seven species of Nymphaea L. described for the Brazilian Pantanal (Pott, 1998) . This family, known in Brazil as "lagartixa", "camalote-da-meia-noite", "dama-da-noite", "batata-d'água" and "pata-de-boi", stands out for its wide distribution, represented by fixed floating species with floating leaves attached to a submerged organ, rizhome, by long petioles (Cronk and Fennessy, 2001) . Mart. & Zucc., Nymphaea belophylla Trick., N. gardneriana Planch., N. jamesoniana Planch., N. lingulata Wiersema, N. oxypetala Planch. and N. prolifera Wiersema (Pott, 1998) all occur in the Brazilian Pantanal, and since they provide shelter to several organisms, they are important in the trophic chain of aquatic ecosystems (Irgang et al., 1984) . According to Hamilton (unpublished results) , this plant group promotes the self-purification of water by assimilating nutrients, retaining sediment, and eliminating pathogenic microorganisms. All species belong to the subgenus Hydrocallis (Neotropical nocturnal flowering), and are pollinated by Coleoptera from the genus Cyclocephala (Pott, 1998) . According to Wiersema (1987) , this subgenus is characterised by completely fused carpels, a swollen carpel appendage, and a usually tetramerous arrangement of perianth and outer stames, with or without acicular sclereids.
Nymphaea amazonum
Investigations that characterise the morphology and chemical composition, as well as the anatomy of tissues and other secretory structures present in vegetative organs, are scarce for most Brazilian species, particularly aquatic macrophytes (Adamowicz, unpublished results) . Knowledge of the structural peculiarities of this plant group has increased in recent years, especially with regard to adaptive characteristics related to the environment. Nevertheless, a large part of the generated data is not yet available in the literature. Therefore, this article describes the leaf anatomy of seven species of Nymphaea that occur in the Brazilian Pantanal, indicating consistent structures to facilitate the distinction among species, some very similar and difficult to identify the external morphology in the absence of flowers.
Material and Methods

Study area
The Pantanal, which features several different landscape units from the intensity and regularity of its flood pulse (Pozer and Nogueira, 2004) , has an area of 140,000 km 2 , of which more than half is flooded during the rainy season by the main rivers and tributaries that drain into the plain (Pott and Pott, 1994) . The climate in the region is sub-humid tropical -Aw (Koeppen, 1948) with dry winters and rainy summers. Mean annual precipitation ranges from 1,000 to 1,400 mm, concentrated mainly between November and April (Soriano et al., 2001) . Among the miscellaneous land formations in the region are bays and lagoons, either temporarily or permanently flooded, with aquatic plant species of various habits (Pott et al., 1989) . According to Junk et al. (1989) , floodplains are environments rich in organic matter and suspended sediment, resulting in slightly dark-coloured water.
Samplings
The fully developed leaves (leaf blade and petiole) of three individuals from different populations of N. amazonum, N. gardneriana, N. oxypetala and N. prolifera were collected during the rainy months in the areas influenced by the Miranda and Abobral Rivers and in natural and artificial lagoons (loan boxes with substrate for road construction) adjacent to the Pantanal Studies Base of the Federal University of Mato Grosso do Sul (19°25'30.8" S and 57°02'50.2'' W) . The same method was adopted for N. lingulata at Rio Negro Farm (19°34'15" S and 56°14'43" W) . Because of restricted distribution and difficult localisation, samples of N. belophylla (CPAP 15553) and N. jamesoniana (CPAP 13347) were obtained from exsiccate in the Herbarium of the Federal University of Mato Grosso do Sul (CGMS-UFMS). Voucher specimens were incorporated in the CGMS/UFMS herbarium for documentation: N. amazonum (CGMS 21898) , N. gardneriana (CGMS 21899) , N. oxypetala (CGMS 21901) , N. prolifera (CGMS 21902) , and N. lingulata (CGMS 21900).
Histological preparation
Fragments were removed from the margin (1 cm 2 ) and middle portions of the blade (1 cm 2 ) and petiole (1 cm), fixed in neutral buffered formalin (NBF) for 24 h (Seago et al., 2000) , then washed in abundant running water and dehydrated in a graded ethylic series for preservation in 70% alcohol and later processing. The herborised material was rehydrated, boiled in water with drops of glycerin to expand the tissues, transferred to 70% ethanol (Kraus and Arduim, 1997) , and stored for later sectioning.
In the process of creating permanent slides, the organ fragments were dehydrated up to 100% ethanol, blocked in historesin, sectioned at 5 mm-thick sections in a Leica rotary microtome, stained in toluidine blue 0.05% pH 6.8, and set between the slide and coverslip (Kraus and Arduim, 1997) .
In order to make semi-permanent slides, the sections, which were made by hand using steel blades, were cleaned in 20% sodium hypochlorite solution, washed in acidified water, stained with double colouration using 1% aqueous astra blue and 1% aqueous safranin in a 9:1 (v/v) ratio, according to techniques compiled by Kraus and Arduim (1997) , mounted between the slide and coverslip with 50% glycerin, and sealed with clear nail polish.
Analyses and illustrations
The analyses and illustrations of materials were carried out using a photonic microscope attached to the image capture and photography system, and the corresponding micrometric scales were displayed. Diagrams of the material were also prepared with the aid of a photonic microscope attached to a camera lucida.
Results
The seven species have several anatomical characters in common; however, we did observe some consistent structures that make it possible to differentiate them (Table 1).
Leaf blade -The uniseriate epidermis -Ep -(Figure 1A) of all seven species features cells with sinuous anticlinal walls in paradermic section and thin cuticle (Ct) evident in the adaxial surface epidermis -Epadax -( Figure 1C -arrow) . All species feature epistomatic leaves with anomocytic stomata (St) set at the level of the epidermal cells, with evident stomatal crest -Stc -( Figure 1C ) and substomatal chamber (Sc) extending down two or three layers of palisade parenchyma cells -Pp -( Figure 1A , C).
Hydropoten (Hd) occur in the epidermis of the abaxial surface -Epabax -( Figure 1A ) in all species, along the leaf, including the midrib. They consist of three cells ( Figure 1D -arrows): a basal cell, set at the level of the other epidermal cells; a medial cell; and an apical cell, deciduous, with a rounded extremity ( Figure 1D -arrows).
Nymphaea amazonum features pluricellular, uniseriate, non-glandular trichomes ( Figure 1E -arrow), evident both at the base of the leaf blade and petiole apex, and it is a consistent character which separates this species from the others.
The mesophyll is dorsiventral in all species (Figure1A), with palisade parenchyma (Pp) well differentiated, rich in chloroplasts that are distributed homogeneously and interrupted by the substomatal chambers. There are five chlorenchyma (Pp) layers in N. lingulata and N. prolifera, two in N. oxypetala and four in the remaining species. The midrib features annular collenchyma (Cl) subjacent to the abaxial surface epidermis (Ep) of the blade (Figure 1F) in N. amazonum, N. belophylla, N. gardneriana, N. jamesoniana, N. lingulata and N. prolifera, only differing in N. oxypetala ( Figure 1G ), which features angular collenchymas (Cl).
The spongy tissue cells of this genus are arranged in regular formation, forming columns set between the epidermis of the lower surface of the leaf and the palisade (Pp) layer, forming a polygonal chain with very large air chamber (As) meshes ( Figure 1A , D), and in the midrib, there are different numbers of air spaces in all species.
Astrosclereids (arrows) are found in the aerenchyma ( Figure 2A ) in all species, except in N. oxypetala, and elongated sclereids (arrows) traversing the palisade parenchyma ( Figure 2B The blade margin is patterned similarly for all evaluated species, with a layer of regular parenchyma (Rp), without supporting tissue, the absence of palisade parenchyma (Pp), and the presence of sclereids (S), vascular bundle (Vb), stomata and hydropoten (Hd). The margin has acute shape in N. amazonum, N. belophylla, N. gardneriana, N. jamesoniana, N. lingulata and N. prolifera (Figure 2G ), but it is rounded in N. oxypetala ( Figure 2H ).
Petiole -The petiole with uniseriate epidermis (Ep) and hydropoten (Hd) set along its length ( Figure 3A) occurs in all species. Three layers of sub-epidermal annular collenchyma -Cl -( Figure 3B ) are found in six of the spe- cies, except N. oxypetala, which features an angular-type layer ( Figure 3A ). For all seven species, there is a similarity in the anatomical pattern of the midrib mesophyll formed by a parenchymal cortex with vascular bundles arranged in regular formation, with the region inside the cortex consisting of regular aerenchyma (As) with sclereids (S -arrows) projected on the inside of the lacunae ( Figure 3C ).
Bicollateral bundles ( Figure 3D ) occur in six species, except N. oxypetala. There are differences in the number of bundles when comparing the species. N. amazonum, N. gardneriana and N. prolifera have two central bicollateral bundles in opposing positions, with a large central protoxylem lacuna ( Figure 3E ). Six bicollateral bundles with lacuna (As) are found in N. lingulata, two in N. belophylla, and one in N. jamesoniana. In terms of collateral bundles with lacuna ( Figure 3F) , N. amazonum, N. lingulata and N. jamesoniana feature seven. N. gardneriana has six, N. prolifera has ten, and three are found in N. belophylla and N. oxypetala. Six collateral bundles without lacuna ( Figure 3G ) are present in N. amazonum, seven in N. lingulata, ten in N. belophylla, and four in N. oxypetala.
The anatomical differences in the leaves were sufficiently consistent to distinguish the taxa and make it possible to devise an identification key based on the foliar characters easiest to recognise. 
Leaf anatomy identification key for Nymphaea species occurring in the Pantanal
Discussion
Leaf blade -All species featured uniseriate epidermis on both surfaces of the leaf blade, a characteristic cited by Adamowicz (unpublished results) for N. amazonum. The presence of an evident thin cuticle helps repel water from the surface of floating leaves (Gonzalez, 2002) , as the stomata are arranged on the adaxial surface, and the presence of water on that surface would obstruct these structures. Fahn (1990) states that stomata help absorb nutrients and exchange gas, but they do not have a protective function against transpiration in these plants, as aquatic species do not face desiccation. Nevertheless, maintaining an intense hydric flow is important for the absorption of nutrients diluted in the water environment (Scremin-Dias, 2009 ).
The presence of anomocytic stomata on the adaxial epidermis corroborates the description by Mauseth (1988) and Gonzalez (2002) for the genus and that by Solereder (1908) for Nymphaeaceae. Sculthorpe (1967) affirms that stomata are restricted to the adaxial surface of the blade, allowing for water vapor loss and easier absorption of oxygen and carbon dioxide. This author also observed ample substomatal chambers for the genus, corroborating our data for the species we evaluated.
The hydropoten in adult leaves illustrated by Gonzalez (2002) and Metcalfe and Chalk (1979) for Nymphaea species have three cells, which were confirmed in the evaluated species. The abscission of the apical cell of hydropoten in adult leaves of the individuals evaluated corroborates data cited by Carpenter (2006) for Nymphaeaceae. That author denominates hydropoten as unicellular or multicellular trichomes and, based on analyses of evolutionary characters, it is affirmed that this trichome is a synapomorphy for Nymphaeales. Hydropoten are cited by Sculthorpe (1967) and Lavid et al. (2001) as structures that facilitate the transport of water and ions into the plant, subsequently translocated through the vascular system in the mesophyll.
Non-glandular trichomes observed on the apex of the petiole in N. amazonum were also cited by Wiersema (1987) for the species. According to Pott (1998) , this ring of trichomes is an important character in identifying this species, and, out of the seven species evaluated in this work, it is present only in N. amazonum.
The dorsiventral anatomy of the blade was observed to have a polygonal arrangement of spongy tissue consisting of typical aerenchyma, and the adaxial region of the mesophyll was occupied by homogeneous palisade parenchyma interrupted by ample substomatal chambers. These observations corroborate the description by Gonzalez (2002) for this order. As observed in the majority of species we evaluated, the presence of annular collenchymas with cell walls spaced more uniformly, leaving from the circular cell lumen, is corroborated by Sculthorpe's description (1967) for Nymphaea. The presence of angular collenchyma in N. oxypetala is a characteristic different from the description for the genus, separating it from the others.
According to Coan et al. (2002) , the presence of highly compartmentalised aerenchyma represents an important adaptation, as it facilitates the storage of a minimum quantity of oxygen required in aquatic environments and makes it possible to transport oxygen from the leaves to the root. The large amount of sclereids inside the lacunae offers resistance, as these species do not have supporting tissues (Sculthorpe, 1967) .
Astrosclereids in the aerenchyma were reported by Conard (1905) as the most common type in the species of the genus. Sculthorpe (1967) also describes star-shaped sclereids that project into the lacunae of the spongy tissue in members of the family Nymphaeaceae. The interpreted function of these structures is to provide support for the palisade and spongy tissue of the leaves (Conard, 1905) . The several different shapes of sclereids in the mesophyll observed for the studied species of Nymphaea were also described by Wiersema (1987) for the leaves of the subgenus Hydrocallis.
Elongated sclereids found in the mesophyll of some species, according to Evert (2006) , consist of immature cells; upon the development of the organ, they will reach both surfaces of the epidermis. However, the completely expanded leaves of Nymphaea evaluated in this study indicate that the cell types observed had already completed ontogenesis and were distributed among the parenchymae, not reaching both surfaces of the leaf. The type of tubular sclereid described in this work for N. amazonum, N. belophylla, N. gardneriana and N. jamesoniana had already been reported by Wiersema (1987) as acicular sclereids for the genus, except for N. amazonum subsp. amazonum. Columnar sclereids, also evidenced in some species, were cited by Sculthorpe (1967) as common for the genus.
These specialised cells provide mechanical support and appear late during organ ontogenesis, when tissues increase in volume (Sculthorpe, 1967) . The absence of these structures in N. oxypetala, also confirmed by Wiersema (1987) , may be related to the reduced size of its floating leaves or the reduced thickness of the blade of its submersed leaves, as sclereids provide mechanical support to leaves.
For Sculthorpe (1967) , the ample protoxylem lacunae observed in the vascular bundles of the seven species may represent the only structure that transports water for many aquatic species. According to that author, several families of aquatic plants do not form metaxylem, but all evaluated Nymphaea species have metaxylem elements, although the number of cells varies. Only tracheids occur in the metaxylem, corroborating the description by Cheadle (1942) for the family, which indicates an absence of vessel elements for the group.
The existence of reversed vascular bundles in the leaves of several hydrophytes led Arber (1918) to conclude that there is a "pseudoblade" in leaves with that characteristic, which results from the flattening of the petiole, resembling a phyllode. Although this characteristic is illustrated in some members of Alismataceae and Pontederiaceae, it has not been cited for Nymphaeaceae.
Despite the basal position of Nymphaeaceae, it is believed that the "pseudoblade" does not occur because the species in that family feature phloem with reversed position only in the midrib, not in the intervein regions, as occurs with monocotyledons. Arber considers that only the occurrence of such bundles outside these midribs, and it, may be considered pseudo-lamina. So, we believe inverted bundles observed in N. lingulata, N. belophylla and N. jamesoniana midrib not be construed phyllodic cases, because this type of anatomical structure here observed might equally well be taken to indicate that the organ showing is similar the midrib region of a Eudicotyledonous leaf, which may also have inverted bundles in midribs.
The composition of the leaf margin described for the species has already been reported by Fahn (1990) for aquatic plants, in general, and for N. amazonum in a work by Gonzalez (2002) . Although the structure is similar in all the species evaluated, the shape of the margin was consistent enough to separate N. oxypetala from the others.
Petiole -The petiole having a uniseriate epidermis with hydropoten, as observed in all species, corroborates the description by Gonzalez (2002) for this order. The cortex parenchyma, air spaces, and sub-epidermal collenchyma observed in the petiole of Nymphaea were cited by Gonzalez (2002) for the genus. According to Sculthorpe (1967) , the peripheral cortex of the petiole is comprised of parenchyma cells, or collenchyma, arranged in a compact formation, and aerenchyma and vascular bundles occur in the central cortex, a structure similar to that described in this work. Conard (1905) notes the variable pattern of air spaces in different Nymphaea species, but our find aerenchyma reticulate in all petioles. The reticulate pattern of the air spaces was observed by Scremin-Dias (unpublished results) in the petiole of Ludwigia sedoides (Humb. & Bonpl.) Hara and by Bona and Alquini (1995 a,b) With the exception of N. oxypetala, the six species have a bicollateral bundle, a characteristic cited by Sculthorpe (1967) for the petiole of this genus. The separate and reduced bundles, with various arrangements among the species of the genus, are cited by Metcalfe and Chalk (1979) as being opposite to each another with the xylem facing one another, similar to the pattern observed for the petioles evaluated in our work. Anatomically, the species described herein feature different taxonomic values, which are consistent for taxa distinction. Plants that were objects of specific studies and which feature only vegetative portions and are morphologically similar may, in light of our study, be separated by anatomical analysis of their leaves.
